Between January 1984 and December 1998, 19 patients (16 with Takayasu's arteritis, 3 with non-Takayasu's aortitis) underwent surgical treatment for aortic regurgitation resulting from the aortitis. Of the 19 patients, 14 had aortic valve replacement (AVR) and 5 had aortic root replacement. One patient (5.3%) died of graft infection during the hospital stay. During the follow-up period, 1 (5.6%) of the 18 postoperative patients died of paravalvular leakage due to valve detachment, which also required redo-operations in 2 patients with nonTakayasu's aortitis. Both patients were operated on during the active phase of the inflammation without perioperative steroid therapy. Although transmural pledgeted sutures were used for replacement of the detached prosthetic valve in 1 of these 2 patients, disruption of the aortic wall resulted in recurrence of valve detachment. In the other patient, aortic root replacement was successfully performed with the Cabrol technique in the second operation. Perioperaitve steroid therapy plays an important role in preventing complications after AVR when the valve replacement is carried out during the active phase of the inflammation, and for patients with nonTakayasu's aortitis, aortic root replacement should be considered to reduce the tension on the suture line and the native aortic valve annulus. ( patients were on steroid therapy preoperatively, and 1 patient preoperatively received oral indomethacin, which completely suppressed the inflammation.
Operative Procedures and Postoperative Steroid Therapy
The standard technique of cardiopulmonary bypass with moderate hypothermia (28-30°C) was used, and cold potassium cardioplegia combined with topical hypothermia was routinely employed for myocardial protection until July 1995; thereafter, cold blood cardioplegia was used.
The surgical procedures performed on the 19 patients are summarized in Table 2 . AVR was carried out in 14 patients and aortic root replacement with a composite graft in 5. Mechanical valves, a Björk-Shiley valve (Shiley, Inc, Irvine, CA, USA) in the initial 7 patients, and a St Jude Medical valve (St Jude Medical, Inc, St Paul, MN, USA) in the last 12 patients, were used for AVR, and were implanted using interrupted pledgeted mattress sutures. Coronary artery bypass grafting (CABG) was performed with a saphenous vein graft (SVG) in 2 patients who had significant ostial stenosis of the right coronary artery (RCA). One of them also had massive calcification in the ascending aorta, which precluded aortic cross-clamping and so a balloon catheter (Fogarty, Edwards Lab, Santa Ana, CA, USA) was used for occlusion. Patch plasty of the ascending aorta was performed for the proximal anastomosis of a SVG. In another patient, CABG with a SVG was performed simultaneously with aortic root replacement because of injury to the left main trunk during mobilization of the left coronary artery (LCA). In addition to aortic root replacement, graft replacement of the ascending aorta and arch was performed in 1 patient with the aid of selective cerebral perfusion under hypothermic cardiopulmonary bypass, and in another patient replacement of the ascending aorta and descending aorta was simultaneously carried out through a median sternotomy and left thoracotomy.
In patients whose inflammation was diagnosed as being in an active stage by clinical data or by pathological findings obtained during surgery or who had been on steroid therapy preoperatively, steroid therapy was maintained postoperatively until CRP became negative and the erythrocyte sedimentation rate (ESR) decreased to below 10 mm/h. Steroid therapy after AVR, however, was not carried out in 2 patients, despite the preoperative positive CRP, because the correct diagnosis of aortitis was not established in the early postoperative period. In those 2 patients, steroid therapy was instituted after the second or third operation.
Results

Operative Mortality
One patient who underwent simultaneous replacement of the aortic root and the descending aorta died on postoperative day 73, giving an in-hospital mortality of 5.3%. The cause of death was infection of the composite graft subsequent to mediastinitis (Table 3) .
Late Mortality and Morbidity
Eighteen postoperative survivors were followed up from 3 to 150 months with a mean follow-up period of 72.6 months (Table 3) . During the follow-up period, 1 patient died of congestive heart failure resulting from valve detachment. The late mortality was 5.6%.
Valve-related complications were seen in 3 patients. Valve thrombosis of a Björk-Shiley valve occurred in 1 patient 9 months after AVR. An urgent thrombectomy of the prosthetic valve was successfully performed; the patient is now in NYHA functional class I 139 months after thrombectomy and the prosthetic valve is functioning normally. Valve detachment in 2 patients required 3 redooperations (Table 4) . Both patients were operated on during the active phase of the inflammatory disease, and had no steno-occlusive vascular lesions. Replacement of a detached prosthetic valve was necessary 4 months after the initial AVR in 1 of the 2 patients. A new prosthetic valve was fixed with pledgeted sutures, which were placed from outside the aortic wall in the second operation; however, valve detachment and periannular pseudoaneurysms resulting from disruption of the aortic wall recurred 40 months later. Repair of the valve detachment and pseudoaneurysms was performed in a third operation. Steroid therapy was begun after the third operation, but the patient had recurrence of valve detachment and finally died of congestive 886 AOYAGI S et al.
Japanese Circulation Journal Vol.63, November 1999 heart failure resulting from the paravalvular leakages 77 months after the third operation. In the other patient, AVR was urgently performed for frequent anginal attacks due to AR. Although operative findings of a markedly thickened aortic wall and detachment of the aortic valve commissures from the aortic wall strongly suggested aortitis; histologic studies of the aortic wall and the aortic valve revealed no evidence of any pathologic changes. Postoperative routine echocardiography performed 72 days after AVR showed paravalvular leakages for the first time, and an emergency redo operation became necessary for valve detachment 10 days later. Aortic root replacement was carried out with the Cabrol technique. Histologic study of the aortic wall repeated in the second operation disclosed non-specific inflammatory disease. Steroid therapy was started early after the second operation and no recurrence of valve detachment was detected 32 months after the second operation; however, thrombosis of an interposed graft to the LCA resulted in acute myocardial infarction 28 months after the second operation. Consequently, valve detachment occurred only in the 2 male patients without any steno-occlusive vascular lesions. However, no valve detachment or paravalvular leakage was observed in the 15 patients with steno-occlusive vascular lesions. Of the 17 long-term survivors, 14 were in class I, and 3 were in class II, postoperatively.
Discussion
Aortitis, including Takayasu's arteritis, is seen predominantly in young females and more frequently in Japan than in other countries. This inflammatory disease mainly affects the aorta, its major branches and the aortic valve. The primordial type (classical Takayasu's arteritis) is characterized by pulselessness of the upper extremities, caused by occlusive processes in the arch vessels. Pulselessness, hyperactive reflex of the carotid body, and coronal arteriovenous anastomosis of the fundi are considered to be the clinical triad for diagnosis. However, extensive involvement of the vascular systems has been recognized. The cardiovascular complications include steno-occlusive lesions or aneurysmal dilatation, or both, in the aorta, its major branches, and the pulmonary arteries, as well as AR. Among these complications, AR is seen in 5-19% of patients with aortitis. 7 In these patients, the inflammatory process involving the ascending aorta and aortic valve principally causes dilation of the aortic annulus and retraction of the aortic cusps with resultant uncoaptation. 8, 9 AVR in aortitis deserves some special consideration because paravalvular leakage, valve detachment, and pseudoaneurysm formation are not uncommon postoperative complications. [3] [4] [5] [6] 10, 11 Control of inflammation is important to prevent such complications after AVR. Surgical procedures should preferably be performed during the chronic phase of the inflammation. The effectiveness of steroids and other non-steroid anti-inflammatory drugs has been described in a few reports. 12-14 and we have had no complications in the 10 patients treated postoperatively with steroids. In contrast, valve detachment occurred in 2 patients who were operated on without preoperative and postoperative steroid therapy during the active phase of aortitis, which suggests that preoperative and postoperative steroid therapy is important in the management of patients with aortitis. Although the administration of steroids in the early postoperative period has some potential hazards, such as susceptibility to infection and disturbance of the woundhealing process, we believe that it should be started in the early postoperative period in patients who are operated on during the active phase of aortitis, and should be maintained until normalization of CRP and the ESR. Some investigators, 3,9,15 including ourselves, 16 recommend the use of pledgeted interrupted sutures or transmural buttressed sutures to prevent valve detachment after AVR. In one of the present patients the aortic prosthetic valve was implanted with transmural pledgeted sutures in the second operation; however, pseudoaneurysm formation resulting from disruption of the aortic wall led to a recurrence of valve detachment. Similar experiences have been previously reported. 17, 18 Buttressed sutures or transmural pledgeted sutures may not necessarily prevent complications after AVR because even if the aortic wall is thickened, it is very fragile.
Suzuki et al emphasized the usefulness of a modified Bentall procedure using a composite graft with a Teflon felt flange at the sewing ring and using a double fixation method with reinforcement by a Teflon felt strip. 10 This technique provides both reinforcement of the suture line and reduction of the tension on the suture line and the aortic annulus, which leads to elimination of the complications after AVR. Reviewing 70 cases with aortitis, Hori et al 19 and Yamauchi et al 5, 11 reported that valve detachment occurred in 6 patients who did not have postoperative steroid therapy and who had the diagnosis of nonTakayasu's arteritis, whereas no patients with classical Takayasu's arteritis had valve detachment. They also indicated that the incidence of valve detachment after AVR was significantly higher in male patients than female patients. Furthermore, in their experience replacement of the detached prosthetic valve with a new prosthetic valve often resulted in recurrence of valve detachment, and aortic root replacement using the Bentall technique modified by them 20 or an aortic homograft gave favorable results in 4 of the 6 patients with valve detachment. In their modified technique, the composite graft consisted of a vascular graft containing a prosthetic valve, which was placed into the vascular graft 1-2 cm away from the proximal end of the vascular graft. Placement of the prosthetic aortic valve into a vascular graft or use of an aortic homograft reduced the tension on the suture line and the native aortic annulus compared with orthotopic valve replacement with a mechanical valve. According to their experiences, they recommend that aortic root replacement with their modified Bentall technique or an aortic homograft should be done in patients with the risk of valve detachment, such as males and those with non-Takayasu's arteritis. 6, 11 In one patient we used the Cabrol technique for aortic root replacement in the second operation. The possible hazard of this procedure is that the total coronary blood flow depends on the interposed graft. Reconstruction of the coronary arteries without any prosthetic grafts, such as the aortic button technique, 21 should be done when the anatomic situation of the aortic root permits it.
Three of the present 19 patients had significant ostial stenosis of the coronary artery, lesions that are considered to be caused by direct extension of aortitis to the aortic wall. 22, 23 Surgical treatment for a coronary ostial lesion includes CABG, 9 coronary ostial endarterectomy 24 and ostioplasty. 25 We performed CABG with a SVG in 2 patients, and endarterectomy in 1. CABG with SVGs is the preferable method for treating coronary ostial stenosis in aortitis because the subclavian artery is usually a major focus of this disease. When the ascending aorta is not appropriate for proximal anastomosis, patch plasty of the ascending aorta should be done, as in the present patient. Coronary ostial endarterectomy and ostioplasy are preferred for patients without active inflammation, because they stimulate an inflammatory reaction that may lead to recurrence of ostial stenosis later.
In conclusion, we have reported our experience with AVR in 19 patients with aortitis. Preoperative and postoperative steroid therapy plays an important role in preventing complications, such as paravalvular leakage, valve detachment and pseudoaneurysm formation after AVR, when the valve replacement is carried out during the active phase of inflammation. Aortic root replacement with a composite graft or an aortic homograft should be considered for patients, particularly male patients, with AR resulting from non-Takayasu's arteritis.
